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The progress of space f l i g h t s  w i l l  i n e v i t a b l y  l ead  t o  the broadening of 

t he  a c t i v i t i e s  of man i n  cosmic space. The h i s t o r i c  e x t r a v e h i c u l a r  a c t i v i t i e s  

i n  open space by Aleksei  Leonov and the experiments conducted o u t s i d e  the  

spaceship by American cosmonauts i n  accordance with the Gemini p r o j e c t  w i l l  

undoubtedly be followed by more complex and prolonged f l i g h t s  during which 

cosmonauts w i l l  be scheduled t o  engage i n  q u i t e  a few e x t r a v e h i c u l a r  a c t i v i t i e s .  

From experiments they w i l l  proceed t o  t he  assembly of o r b i t i n g  s t a t i o n s  and 

l a b o r a t o r i e s .  

ized p repa ra t ion  on the p a r t  of t h e  cosmonauts. 

This type of e f f o r t  r equ i r e s  a h i g h l y  p r o f e s s i o n a l  ans  s p e c i a l -  

We may t h e r e f o r e  s a f e l y  claim a t  t h i s  t i m e  t h a t  one of the f i r s t  r e l a t e d  

p ro fes s ions  which w e  as  cosmonauts w i l l  have t o  a c q u i r e  w i l l  be the p ro fes s ion  

of o r b i t a l  assemblers.  We w i l l  have t o  c a r r y  o u t  ope ra t ions  i n  r e s p e c t  t o  

docking, leave our spaceships ,  move about i n  open space,  j o i n  together  space- 

s h i p s ,  and then assemble separate d e t a i l s  i n t o  l a r g e  s t r u c t u r e s .  

The design of a n  o r b i t i n g  s t a t i o n  and i t s  assembly i n  space r e p r e s e n t  

a n  extremely complex problem. In order t o  cope wi th  t h i s  problem w e  s t i l l  

have a l o t  t o  l ea rn .  The most important s t e p  on the road t o  the s o l u t i o n  of 

t h i s  problem is  unquestionably the docking of two spaceships  and the placing 

of spaceships  i n t o  c l o s e  o r b i t s  w i t h  a minimum p o s s i b i l i t y  t h a t  they w i l l  

d r i f t  a p a r t .  We have a c e r t a i n  amount of experience i n  t h i s  r e s p e c t .  

The moments when the tandem f l i g h t  of the spaceships  "Vostok-3" and 

Vostok-4" began a r e  s t i l l  f r e s h  i n  my memory. By t h a t  t i m e  I had a l r eady  I I  

s p e n t  one day i n  space. The nex t  o r b i t a l  r e v o l u t i o n  took me over the region 

of the Baykonur Cosmodrome. 

spacesh ip  en te red  an o r b i t  i n  d i r e c t  proximity t o  my spaceship.  I could d i s -  

t i n g u i s h  a b r i g h t  star moving slowly on the background of the dark sky. This 

was the spaceship p i l g t e d  by Pave1 Popovich. The d i s t a n c e  between our space- 

s h i p s  a t  t h a t  moment d id  n o t  exceed six and one-half ki lometers .  

A t  t h a t  moment "Vostok-4" w a s  launched. The 



Thus, f o r  the f i r s t  time i n  h i s t o r y ,  two spaceships  approached each o t h e r .  

I would l i k e  to  mention the f a c t  t h a t  a t  t h a t  time we had no a v a i l a b l e  means 

f o r  maneuvering. During our f l i g h t  we demonstrated only the  p o s s i b i l i t y  of 

p l ac ing  spaceships  i n  o r b i t , a t  c lo se  proximity t o  each o t h e r .  This was of 

g r e a t  importance because i t  represented a necessary s t e p  toward a subsequent 

docking ope ra t ion .  

c r a f t  i s  a m u s t  before  a docking operat ion can be s u c c e s s f u l l y  undertaken. 

A l l  f u t u r e  ope ra t ions  r e l a t e d  t o  docking and j o i n i n g  s p a c e c r a f t  i n  o r b i t  

The c a p a b i l i t y  of p r e c i s e  o r b i t a l  rendezvous between space- 

w i l l  begin w i t h  a c o n t r o l l e d  approach and rendezvous. S p e c i a l  techniques and 

f a c i l i t i e s  a re  a l r e a d y  developed o r  a r e  being developed f o r  t h i s  purpose. 

Some of these techniques have been demonstrated by the S o v i e t  Union as  w e l l  

as by the United S t a t e s .  

We w i l l  t r y  t o  v i s u a l i z e  what work i n  space w i l l  be l i k e :  "Attention! 

An a r t i f i c i a l  o b j e c t  is  i n  f r o n t  of u s .  I a m  observing t h i s  o b j e c t  i n  the 

area of  the c o n s t e l l a t i o n  of Orion as a s t a r  of the second magnitude. I a m  

beginning my approach t o  the o b j e c t .  . .'I Obviously such a r e p 6 r t  w i l l  be 

t r ansmi t t ed  t o  Ea r th  by the  commander of a spaceship.  

The po in t  i s  t h a t  spaceships ,  a r t i f i c i a L  s a t e l l i t e s  and o t h e r  o b j e c t s  i n  

cosmic space a re  seen i n  the form of stars a t  a d i s t a n c e  of s e v e r a l  ki lometers .  

The b r i g h t n e s s  of t hese  man-made c e l e s t i a l  bodies v a r i e s  w i t h  d i s t ance .  

I remember Pave1 Belyayev's r e p o r t  about  a meeting w i t h  a s a t e l l i t e .  

During the f l i g h t  of "Voskhod-2," one of the "Kosmos" s a t e l l i t e s ,  which w a s  

launched i n t o  a n  o r b i t  with a n  i n c l i n a t i o n  toward the  equator  of about  6 5 O ,  

passed presumably a t  a d i s t a n c e  o f  about 800 meters from the  spaceship.  This  

s a t e l l i t e  w a s  s een  as  a b r i g h t  star s t and ing  o u t  sha rp ly  on the background of 

t h e  sky. 

Thus, our cosmonauts have a c e r t a i n  amount of experience i n  the detec- 

t i o n  and r ecogn i t ion  of spaceships.  

i n  t he  f u t u r e  during the cons t ruc t ion  of o r b i t i n g  s t a t i o n s .  

This experience w i l l  be of g r e a t  h e l p  

What i s  r equ i r ed  of a cosmonaut during t h e  va r ious  s t a g e s  of such a 

complex o p e r a t i o n  as the assembly of o r b i t i n g  s t a t i o n s ?  
1 

F i r s t  of all, it is necessary t o  work out  the methods f o r  s t epp ing  out-  
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s i d e  a spaceship to  the l a s t  d e t a i l .  I t  i s  known t h a t  the f i r s t  experiment t o  

s t e p  out  from a spaceship i n t o  open space was accomplished by means of an  a i r -  

lock. This s p e c i a l  i n s t a l l a t i o n  on board the spaceship "Voskhod-2" made i t  

poss ib l e  to  leave the cabin f i r s t  and then to  gradual ly  "get  used" to  the 

cond i t ions  of space. 

We have learned from Aleksei Leonov's r e p o r t s  t h a t  the e x i t  from the 

a i r l o c k  and the r e t u r n  to  i t  r e q u i r e  s p e c i f i c  p r a c t i c e  and s k i l l s  on the p a r t  

of the cosmonaut. This i s  being confirmed by the r e s u l t s  of var ious t r a i n i n g  

s e s s i o n s ,  Therefore,  the t r a i n i n g  program should include n o t  only "making 

oneself  a t  home" i n  a spaceship,  but a l s o  d e t a i l e d  knowledge of the a i r l o c k ,  

d e t a i l e d  study of a l l  i t s  p a r t s ,  and t e s t i n g  of a l l  ope ra t ions  i n  s t r i c t  order .  

When one e n t e r s  an a i r l o c k  under normal condi t ions on Earth,  the  f i r s t  

impression is  t h a t ,  i n  s p i t e  of the  small confinement, a l l  necessary ope ra t ions  

can be c a r r i e d  o u t  wi thout  d i f f i c u l t y .  

of s p a c e f l i g h t ,  e s p e c i a l l y  weight lessness ,  hamper the a c t i v i t i e s  of a cosmonaut 

and r e q u i r e  of him s p e c i a l  preliminary t r a in ing .  Aleksei Leonov spent  a l o t  

of e f f o r t  on br inging the movie camera back i n t o  the a i r l o c k .  I n  the f u t u r e ,  

cosmonauts w i l l  have to  take with them f o r  a "space walk" n o t  only a movie 

camera but  a l s o  s c i e n t i f i c  instruments,  t o o l s ,  oxygen s u p p l i e s ,  and f u e l  f o r  

the o r i e n t a t i o n  and t r a n s p o r t a t i o n  systems. 

However, we all know by now t h a t  f a c t o r s  

The a i r l o c k  method is  n o t  the  only method used f o r  an  e x i t  i n t o  space. 

I t  i s  known, f o r  ins tance ,  t h a t  the  Americans have used the method of cab in  

decompression f o r  t h i s  purpose. The p repa ra t ion  of a cosmonaut f o r  a s i m i l a r  

method of "stepping o u t  i n t o  space" has i t s  advantages and d i f f i c u l t i e s ,  and 

the  method i t s e l f  has i t s  p l u s e s  and minuses. However, i n  my opin ion  the 

a i r l o c k  method is  more f e a s i b l e  i n  the long run, because wi th  the appearance 

of l a r g e r  spaceships occupied by la rge  crews i t  would not  be expedient t o  

decompress the cabin f o r  the purpose of leaving the spaceship.  

L e t  u s  fol low the work of a cosmonaut a f t e r  he leaves the spaceship.  

Af t e r  the s p a c e c r a f t  approach each other  and the docking coupl ings a r e  i n t e r -  

locked c a r e f u l l y ,  the cosmonaut w i l l  approach the j u n c t i o n  of the two s p a c e c r a f t  

i n  o rde r  t o  f a s t e n  the f langes  together ,  i.e. t o  f a s t e n  t h e m u t s  and clamps. 

S i m i l a r  ope ra t ions  have a l r eady  been t e s t e d  i n  cosmic space s imulators .  The 
I 
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r e su l t s  of some of these tes tswere reported i n  October of 1966 a t  Madrid a t  

t h e  Congress of the I n t e r n a t i o n a l  Astronaut ical  Federat ion.  I n  the course of 

the discussions,  the s c i e n t i s t s  voiced t h e i r  opinions on the f a c t  t h a t  i n  order  

t o  c a r r y  o u t  many p r a c t i c a l  operat ions i n  space,  considerably more e f f o r t  and 

knowledge i s  r equ i r ed  of the cosmonauts. than i n  Earth condi t ions.  

Many p r a c t i c a l  ope ra t ions  which a re  common i n  Earth cond i t ions ,  such as  

screwing on and t i gh ten ing  b o l t s  and clamps, welding, s o l d e r i n g ,  e t c . ,  w i l l  

p r e sen t  e n t i r e l y  d i f f e r e n t  problems i n  o r b i t .  It  i s  most l i k e l y  t h a t  s p e c i a l ,  

instruments and a l l  s o r t s  of devices w i l l  be necessary i n  o rde r  to  c a r r y  o u t  

t hese  tasks .  

The f i r s t  ex t r aveh icu la r  a c t i v i t i e s  were q u i t e  s h o r t ,  and the paths 

a long which the cosmonauts took t h e i r  f i r s t  "space walks" d id  no t  exceed a 

dozen meters i n  length.  Nevertheless,  i t  i s  poss ib l e  t o  f o r e s e e  a cons ide rab le  

..increase i n  the d u r a t i o n  and dis tance of such "walks." Furthermore, i n  o rde r  

n o t  t o  be l i t e r a l l y  t i e d  t o  t h e  spaceship ( I  have i n  mind he re  the  umbil ical  

cord which connected the  cosmonauts t o  the  spaceship during the f i r s t  experi-  

ments) ,  i t  i s  necessary t o  learn how t o  make use of the  ind iv idua l  maneuvering 

devices  and the  automatic l i f e  support system. 

Af t e r  master ing the new technology, pilot-cosmonauts w i l l  be a b l e  t o  

move about  more f r e e l y  i n  space, which i n  t u r n  w i l l  e l i m i n a t e  i n  a number of 

cases t h e  n e c e s s i t y  of br inging cosmic o b j e c t s  very c l o s t  t oge the r ,  and t h i s ,  

by t h e  way, i s  n o t  a simple t a sk  and n o t  without  danger. I n  the beginning, 

a cosmonaut, a f t e r  l eav ing  t h e  spaceship,  w i l l  be a b l e  t o  connect the two 

spaceships  by means of a cab le ,  a f t e r  which the  two spaceships  w i l l  be jo ined  

s o l i d l y  wi th  the  h e l p  of a h o i s t  o r  o t h e r  device. 

Docking o r ,  using the  naval  terminology, mooring w i l l  a l s o  remain a 

During the necessary f a c t o r  a f t e r  the cons t ruc t ion  of o r b i t i n g  s t a t i o n s .  

approach of a spaceship t o  the  s t a t i o n  and before  e n t e r i n g  the s p e c i a l  docking 

a r e a  i n s i d e  t h a t  s t a t i o n ,  t he  crew w i l l  have t o  "moor" the spaceship t o  the 

s t a t i o n .  This i s  why the t r a i n i n g  of cosmonauts for t h e  execut ion i n  open 

space of o p e r a t i o n s  r e l a t e d  t o  docking, j o i n i n g ,  and assembly is  a n  important 

f ac tor  i n  t h e i r  p repa ra t ion  f o r  new f 1 igh ts . 
J 
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So f a r  w e  have discussed only one s i d e  of the ex t r aveh icu la r  a c t i v i t i e s  

of a cosmonaut. O f  course,  t he  rendezvous and docking w i l l  be conducted by 

the commanders of the spaceships and o t h e r  crewmembers who w i l l  remain on 

board. The p e r f e c t  r a d a r  technology, instruments  f o r  obse rva t ion  and d i s t a n c e  

measurement, means f o r  communication and s i g n a l i n g ,  computers, and o t h e r  equip- 

ment w i l l  make i t  poss ib l e  f o r  people t o  work more r e l i a b l y  and c o n s t r u c t i v e l y  

i n  open space. Many of t he  enumerated instruments and devices  a re  a l r e a d y  

i n s t a l l e d  on board manned spacec ra f t .  

a r e  us ing  these  instruments,  but  i t  is c e r t a i n  t h a t  i n  the f u t u r e  even naviga- 

t o r s  w i l l  use them. 

A t  t he  p re sen t  time only s h i p  commanders 

The success  of ex t r aveh icu la r  a c t i v i t i e s  depends considerably on the 

f a u l t l e s s  ope ra t ion  of t he  f a c i l i t i e s  of t he  ground-based measurement c o n t r o l  

complex. We have a l o t  of r e s p e c t  f o r  t he  s p e c i a l i s t s  who assure t h e  success  

of our  f l i g h t .  

Before g iv ing  the  "okay" f o r  a docking, t h e  f l i g h t  l eade r s  r e c e i v e  from 

the  ground-based s t a t i o n s  da t a  on the o r b i t a l  parameters and r e c i p r o c a l  posi-  

t i o n s  of  the spaceships.  I f  these correspond t o  t h e  c a l c u l a t i o n s ,  then t h e  

command f o r  docking w i l l  be issued.  

Ground-based s t a t i o n s  w i l l  execute, i f  necessary,  t he  rough rendezvous 

approach of the spaceships.  A s  fa r  a s  t he  subsequent ope ra t ions  a r e  concerned, 

t hese  w i l l  be c a r r i e d  o u t  by the crewmembers of the spaceship,  of course,  under 

continuous c o n t r o l  of t he  ground s t a t i o n s .  This  means t h a t  a cosmonaut w i l l  

have t o  be a b l e  t o  work i n  c l o s e  cooperation wi th  the ground s t a t i o n s .  

The descr ibed docking method is by f a r  n o t  t he  only poss ib l e  method. We 

do n o t  exclude the p o s s i b i l i t y  of docking two spaceships by means of automatic  

systems only.  Nevertheless,  i t  w i l l  n o t  be p o s s i b l e  t o  do away with the  d i r e c t  

p a r t i c i p a t i o n  of man i n  o r b i t a l  construct ions.  

devices  capable  of r e p l a c i n g  a man during t h e  c o n s t r u c t i o n  of such o b j e c t s  as  

o r b i t i n g  s t a t i o n s  o r  l a b o r a t o r i e s .  In  these  cases the experience,  knowledge, 

and sk i l l s  of man are a b s o l u t e l y  necessary. 

There a re  no instruments o r  

5 


